The experimental investigation cannot presently distinguish explicitly whether the α particle is preformed in mother nucleus or it is formed during penetrating of the potential barrier. Consequently, the α-decay has been mainly described using the cluster-like theories and the fission-like theories. In any way, the assault frequency plays a pivotal role in the two different decay modes. A microscopic approach is adopted to estimate the assault frequency and the results are consistent with the assault frequency extracted within the cluster-like model, which suggests that the α-decay is rather a radioactive emission process of a cluster preformed in the nucleus but before the potential barrier penetration. The α-decay half-life are estimated in the framework of the preformed cluster-like model to explore the island of stability of superheavy nuclei.
Introduction
The α decay process was conventionally describes as a quantum tunnelling through the potential barrier separating the mother nucleus energy and the total energy of the separated α particle and daughter nucleus. Later on, two different approaches have been developed to explain the emission process. The cluster-like theories suppose that the α particle is preformed in the nucleus with a certain preformation amplitude while the fission-like approaches consider that the α particle is formed progressively during the very asymmetric fission of the parent nucleus. The experimental investigation cannot unambiguously give preference to one of these two formation modes 1 . The difference between the two approaches appears mainly in the way the decay constant is determined. In the fission-like description 2 the decay constant λ is the product of a constant assault frequency ν and the barrier penetrability P , while in the cluster-like approach 3−6 the assault frequency is variable and determined more or less empirically and a third factor, the cluster preformation factor P α , is introduced to compare with the experimental data. The assault frequency ν associated with the zero point vibration energy E ν = 1 2 ω = 1 2 hν plays a pivotal role for both the clusterlike and the fission-like theories. The concept of the zero point vibration energy comes from the solid state physics. When a crystal is cooled to absolute zero, the atoms still keep jiggling due to the uncertainty principle of quantum physics. In nuclear physics, the assault frequency associated with the zero point vibration energy is the probability that α particle emission from the parent nucleus occurs without potential barrier.
The existence of an island of stability of superheavy nuclei (SHN) is predicted in the remote corner of the nuclear chart around the superheavy elements 114 to 126 due to shell effects. The recent discovery of new elements with atomic numbers Z ≥ 110 has brought much excitement to the atomic and nuclear physics communities. The experimental efforts have been focused on the direct creation of superheavy elements in heavy ion fusion reactions, leading to the production of elements up to proton number Z=118 up to now 7−9 . Theoretically it had been concluded that the existence of the heaviest nuclei with Z > 104 was primarily determined by the shell effects in 1960s 10−12 . These early calculations predicted that the nucleus with Z=114 and N=184 is the center of an island of long-lived SHN. In the superheavy region the density of single-particle energy levels is fairly large, so small energy shifts due to poorly known parts of nuclear interaction, can be crucial for determining the shell stability. So an alternative choice is to develop the theoretical calculations by taking into account all the experimental data to give reliable predictions for the properties of the SHN. In Sec.2, we discuss the α-decay process associated with the assault frequency. In Sec.3, α-decay half-lives are calculated for Hs and Z=114 isotopes to explore the island of stability of SHN. At last, we summarize the work.
α-decay process
In the framework of the preformed cluster-like mode, the decay constant(and hence the half-live) is defined as
Imagining the α particle moving back and forth inside the nucleus with
M , it presents itself at the barrier with a frequency :
R is the radius of the parent nucleus given by R i = (1.28A
) fm, E α is the alpha particle energy. The penetration probability P is calculated within the WKB approximation. The potential barrier governing the α emission is determined within a generalize liquid drop model (GLDM), including the volume, surface, Coulomb and proximity 6 :
The barrier penetrability P is calculated within the action integral
The deformation energy (relatively to the sphere energy) is small till the rupture point between the fragments and the two following approximations may be used : 
The preformation factor P α of an α cluster inside the mother nucleus can be estimated inserting Eq.(2), Eq.(4) and Eq. (5) in Eq.(1).
A new approach to deal with the assault frequency is proposed within a microscopic method deriving from the viewpoint of quantum mechanics. It assumes that the α particle which will be emitted vibrates nearby the surface of the parent nucleus in an harmonic oscillator potential V (r) = −V 0 + 1 2 µω 2 r 2 with classical frequency ω and reduced mass µ. The virial theorem leads to
where n r and ℓ are the radial quantum number (corresponding to number of nodes) and angular momentum quantum number, respectively.
is the rms radius of outermost α distributions. It equals the rms radius R n of the parent nucleus. The assault frequency ν M is related to the oscillation frequency ω by :
The relationship R 2 n = 3 5 R 2 is used. The global quantum number G = 2n r + ℓ of a cluster state is estimated by the Wildermuth rule as
where n is the number of nodes of the α-core wave function; ℓ is the orbital angular momentum of the cluster motion; and g i is the oscillator quantum number of a cluster nucleon. g i equals 4 for nuclei with (Z, N ) ≤ 82, g i = 5 for 82 < (Z, N ) ≤ 126, and g i = 6 for (Z, N)> 126, corresponding to the 4 ω, 5 ω, and 6 ω oscillator shells, respectively, where N and Z are the proton and neutron numbers of the parent nucleus. The estimated microscopic assault frequencies from Eqs. (2) and (7) are shown in the Fig. 1 for even-even Po isotopes by solid circles and triangles respectively 13 , the effective assault frequency extracted in the framework of the fission-like α-decay mode is also show using small squares 14 . The order of magnitude of ν M is 10 21 s −1 same as that of ν C implyimng the two calculations are consistent, which suggests that the α decay is rather a radioactive emission process of a cluster preformed on the surface of the nucleus but before the potential barrier penetration. 
α-decay half-lives of the Hs and Z=114 isotopes
Now, let's come to the most interesting α-decay half-lives calculations for the Hs and Z=114 isotopes in the framework of the cluster-like decay mode. The decay constant is calculated by Eq.(1) and the preformation factor is estimated by the fitting formula (4) of reference 15 . The results calculated by taking the experimental α-decay energies and the theoretical MacroMicroscopic method (MMM) 16 ones are shown by small triangles and circles in Fig.2 respectively 17 . The experimental α-decay half-lives are also presented by black dots for comparison. It is evident the neutron magic number appear at N=162 for the half-times of the Hs isotopes. For Z=114 isotopes, the maximum values of α-decay half-lives stand at the magic neutron number N=184. If we check the results in detail, one can find the calculated α-decay half-lives from experimental Q α coincide with the experimental ones almost perfectly, implying that as long as we have the right Q α , the presently used method can give precise results for α-decay half-lives. The calculated α-decay half-lives with Q α from the MMM are reasonably consistent with the experimental data which tells us that the present method can be used to predict the α-decay half-lives. The α-decay half-life of the deformed double magic nucleus 270 Hs calculated by a phenomenological formula is 22 s 7 , 23.33 s by our calculations using the MMM Q α , and 15.14 s by using the experimental Q α ( 9.02 MeV 7 ). For the spherical double magic nucleus 298 114, the α-decay half-life is 1537588 s ( about 18 days) with Q α of MMM. We hope the present calculations will give a relatively trustable result for the prediction on α-decay half-life, helping to synthesize the key nuclide standing at the center of the stability island of the SHN.
Conclusion and outlook
In conclusion, a study of the α decay process associated with the assault frequency manifest the α decay is rather a radioactive emission process of a cluster formed on the surface of the nucleus but before the potential barrier penetration. The α-decay half-lives are predicted within a generalized liquid drop model and the WKB method and the Q α of the MMM for Hs and Z=114 isotopes respectively. It is interesting to estimate the competition between the α-decay, heavy-particle radioactivity and spontaneous fission in the framework of the present theoretical model, and this work is in progress. 
